Introduction
Pine resins that are produced by conifers are used as chemical raw materials for daily necessities. The aroma components in the pine resins have recently attracted attention as environmentally friendly materials because they are natural and renewable materials and because of their contribution to the reduction of greenhouse gases 1 .
Hokkaido, the northernmost island of Japan is located in a humid cold-temperate climate region that is suitable for coniferous tree growth. There have been some reports on the aroma components in turpentine oils obtained from conifer resins 2 6 , in which essential oils from larches, pines and firs in Hokkaido are involved 7, 8 . However, seasonal fluctuations of aroma components with maturation of coniferous leaves were overlooked in those reports. We thus speculated that chemical compositions of foliage essential oils in larches, which are deciduous conifers, might show much more drastic changes according to the seasonal maturation of leaves than the changes in chemical compositions of foliage essential oils in ever-green pines or firs because larches lose their leaves following the quick leaf senescence before the annual winter season. Hence, we expected that the seasonal fluctuations of terpene metabolism in the leaves of larch might cause remarkable qualitative changes of the aroma components in foliage essential
The branches and leaves of larch, pine, and fir were steamdistilled for 8 h using a 36-L scale apparatus made by Kohga International Trading Co., Ltd Fukuoka, Japan . Using 5 kg branches and leaves of larches in each month, 9 mL April , 15 mL May , 14 mL June , 10 mL July , 15 mL November and 10 mL fallen leaves in November essential oils were obtained. Using 5 kg branches and leaves of ever-green pines in each month, 60 mL February , 59 mL May , 63 mL June , 60 mL July , 63 mL July in Akan , 6 mL August , 58 mL November and 56 mL December essential oils were obtained. Using 4 kg branches and leaves of ever-green firs in each month, 210 mL February , 220 mL April , 220 mL June , 210 mL September , 200 mL November , 200 mL December and 220 mL June in 2015 essential oils were obtained. The oils obtained were stored at 4 in a refrigerator prior to analysis.
Gas chromatography-mass spectrometry GC-MS
GC-MS analysis was performed using an Agilent 7890N Gas Chromatography-5977A MSD Mass Spectrometer Agilent Technologies, Santa Clara, CA, USA . The samples were analyzed using fused-silica capillary columns, DB-WAX polyethylene glycol, 30 m 0.25 mm in i.d., film thickness of 0.25 μm, Agilent Technologies . The oven temperature was programmed to increase from 40 to 230 at a rate of 6 /min and was held at 230 for 10 min. The flow rate of the carrier gas helium was 1.255 mL/ min. The injector and transfer line temperatures were 250 , and the ionization energy was 70 eV. The mass range was 29-400 amu. One microliter of the sample was injected, and the split ratio was maintained at 1:300. Automated injections were performed with a programmable robotic Gerstel MPS2 Multipurpose Sampler Gerstel GmbH & Co. KG., Mulheim an der Ruhr, Germany . The retention indices RI were calculated using a series of n-alkanes C 7 -C 33 for the DB-WAX column. The results were calculated as mean values of the injection of essential oil without correction factors. All determinations were performed in triplicate and averaged.
Identi cation of components and statistical analysis
Deconvolution was done by NIST AMDIS version 2.72. The identification of individual compounds was confirmed by comparing the MS data with published data using Digital libraries NIST14 and Aroma Office version 6.00 Nishikawa Keisoku Co. Ltd., Tokyo, Japan . The principal component analysis PCA and hierarchical clustering analysis were performed using Agilent Mass Profiler Professional B.12.6.1 and MassHunter Workstation Quantitative Analysis Software Version B.07.00 Agilent Technologies, Santa Clara, CA, USA . 2.3.1 The principal component analysis PCA PCA score plots in each principal component PC is obtained as scoring for peak intensity in the total ion current TIC chromatogram of the respective samples detected by GC-MS, using calculation with profiling coefficients of the two PCs PC1 and PC2 . After the scoring, appropriate coefficient values should be calculated to administer the maximum difference between two samples compared. The horizontal axis in the plot is the scores, and the vertical axis is the variable names. To select the principal component with the largest variance, the axes PC1 x and PC2 y that make up a new coordinate system show that PC1 having a larger variance than PC2 is a better representation of the data. The axis labels at PC1 and PC2 are the primarily contribution, and if the total contribution ratio of PC1 and PC2 is 70-80 , it should be highly normalized as the principle component score model.
PCA loading plots in each PC were obtained as scoring for peak intensity in TIC chromatogram of the respective samples detected by GC-MS using calculation with profiling coefficients of the two PCs PC1 and PC2 . At the scoring for each compound, coefficient values calculated are administered. The horizontal axis indicates the value of the coefficient loading applied to the peak intensity of each compound on TIC chromatogram in PC1 score, and the vertical axis indicates the value of the coefficient loading applied to the peak intensity of each compound on TIC chromatogram in PC2 score. The numerical value of each compound shown in the PCA loading plots would be an index whether it affects scoring for PCA. The closer the plots of the compound shown in the PCA loading plot is to the position of the plot indicating the sample on the PCA score plot, the more the compound is characterized as an aroma component in the sample.
Cluster analysis
One line on the horizontal axis represents one substance. Substances detected as a relatively high peak intensity are displayed in a black bar, while substances not detected are displayed in a light grey bar. Substances detected as an intermediary peak intensity are displayed in light black.
Results and Discussion

Main chemical components of the essential oils from
larches, pines and rs First, we compared aroma components in essential oils obtained from the leaves of larch Larix leptolepis 2.8 mL/kg fresh weight , pine Picea glehnii 12.5 mL/kg fresh weight , and fir Abies sachalinensis 55.2 mL/kg fresh weight , all of which were sampled in June. The major aroma components of the essential oils from larch leaves were bornyl acetate 21.96 and α-pinene 18. 70 . On the other hand, the major aroma components of the pine foliage essential oils were bornyl acetate 37.05 , camphor 12.60 , and α-pinene 11.82 , and those of the fir foliage essential oils were α-pinene 24.70 , camphene 18.83 , β-phellandrene 11.24 , and bornyl acetate 13.58 Table 1S . The larch foliage essential oils also contained larger amounts of 3-carene 2.90 , terpinolene 1.94 , and δ-cadinene 2.70 than those in the pine or fir foliage essential oils. The characteristics of aroma components of larch foliage essential oils determined by our analysis showed good accordance with those priously reported 2, 5, 7, 8 . The chemical components in both the pine essential oils and fir essential oils are also qualitatively agreeable with those in some previous reports 6 .
3.2 Seasonal fluctuations of the aroma components in the foliage essential oils from larch Principal component analysis PCA was carried out to the aroma components of foliage essential oils of larch, pine, and fir Fig. 1 . The first and the second principal components PC1 and PC2, respectively accounted for 44.74 of the total variance 27.01 and 17.73 , respectively . The compositional changes in aroma components in the pine and fir foliage essential oils through the seasons remained in narrow ranges the lower right and in the upper right regions, respectively . On the other hand, the changes in the larch foliage essential oils showed a relatively broad plotting pattern in the upper left region Fig.  1 . The results of PCA showed that fluctuation of aroma components of the essential oils of larch leaves was greater than those in fir leaves during leaf maturation. The PCA score plot showed the differences among the tree species, but it was not clear which component contributed to the essential difference in the PCA scores among them. Therefore, factor loading of PCA PCA loading plot was characterized in order to identify the aroma compounds in each essential oil. In the PCA loading plot, one plot represents one compound and also reflects the degree contributing PC1 and PC2. The compounds characterizing larch essential oils with plots were located to the left of the loading plot graph, and plots characterizing the pine and fir foliage essential oils were located to the lower right and upper right, respectively Fig. 1S .
Approximately 200 candidates shown as black or grey plots in Fig. 1S were detected. Compounds having a relatively large influence on the characteristics of components in larch, pine, and fir foliage essential oils were shown as black plots, and we focused on approximately 60 compounds shown as black plots in Fig. 1S . From the loading data among them, we identified 11 compounds that strongly characterize larch, pine, and fir Table 2S .
Using methods similar to those described above, we also examined the major components monitored by GC-MS with the detection of total ion current TIC Fig. 2S to characterize the odors of larch foliage essential oils through the seasons. In the PCA score plot graph, the plot representing the aroma components in November was significantly different from those in April, May, June and July .59 , respectively . This variance value indicated that the aroma components in the larch foliage essential oils at the leaf senescence stage in November were significantly different from those in photosynthesizing stages April to July . There were short but significant distances between the plots representing the aroma components of essential oils in April to May and the plots for those in June to July Fig. 2 , indicating compositional differences of the aroma components in the larch foliage essential oils sampled from newly developing leaves April to May and mature leaves June to July . Thus, seasonal fluctuation of the aroma components was a unique characteristic of the larch foliage essential oils, and the aroma components in the oils of sampled in November larch leaves were Fig. 2 Comparison of aroma components in larch foliage essential oils by PCA score plots through seasons. 
Seasonal Fluctuations of Aroma Components of Essential Oils from Larix leptolepis
particularly different from those sampled in other months.
We performed the PCA loading plot Fig. 3S and identified the aroma components to characterize the larch foliage essential oils through the seasons Table 1 . The characteristic aroma components of larch foliage essential oil in the leaves at the senescence stage November were cryptone 1, 0.17 in essential oil and linalool 2, 0.07 in essential oil . The characteristics and qualities of the odors of substances 1 and 2 was, according to description in the database Aroma Office version 6.00, as follows: a sweet, herbal and woody citrus-like scent for 1 and a clean note, tea-like and orange-like scent for 2. The amounts of cryptone 1 and linalool 2 were small in larch foliage essential oils from senescent leaves. However, it is known that the characteristic odor of each essential oil is affected by the composition of the aroma components, including some minor components 9 . Hence, the larch foliage essence oils from senescent leaves collected in November may provide a high quality of fragrance as a sweet citrus smell, unlike other coniferous foliage essential oils.
Cluster analysis of larch foliage essential oils
In order to reveal and confirm the seasonal fluctuations of chemical components in larch foliage essential oils, cluster analysis based on GC-MS data for larch, pine and fir foliage essential oils collected from leaves in different months was carried out Fig. 3 . The horizontal axis represents each sample and the vertical axis represents the aroma components. The cluster dendrogram of the horizontal axis showed that larch foliage essential oil in leaves collected in November and also the fallen leaves was significantly different in the chemical composition of aroma components from other oils collected from photosynthesizing leaves April, May, June, and July . Interestingly, chemical components in Larix decidua foliage essential oil from France were similar to those in our larch Larix leptolepis essential oil of larch leaves sampled in November. It is not clear when the leaves used for the L. decidua foliage essential oil from France were collected, but our analysis suggests that they might have been collected at a leaf senescent stage. In contrast, both pine Picea glehnii and fir Abies sachalinensis showed similar aroma compositions in foliage essential oils through the seasons. These results are consistent with the conclusion obtained from the result of PCA Fig. 1 .
Finally, we investigated the major aroma components in the larch foliage essential oil that showed drastic composition changes during leaf maturation and senescence. Candidates of the aroma components were selected from data obtained by the cluster analysis. We focused on four aroma The non-cyclic monoterpene hydrocarbon E -4,8-dimethyl nona-1,3,7-triene 3 was not detected in April and November, but its amount drastically increased in May, June, and July. Similarly, the monocyclic monoterpene 1-pmenthen-9-al 4 was not detected in April and November, but its amount sharply increased in May, peaked in June, and rapidly decreased in July. Conversely, the monocyclic monoterpene p-mentha-1,5,8-triene 5 was rich in new leaves at the early developing stage in April, but its amount declined in June and July from the peak in May. In addition, 2-pentylfuran 6 was richest in April, but its amount drastically decreased in May and became a trace amount after June. Thus, chemical components in larch foliage essential oil often show actively biosynthesized and accumulated, depending on the leaf maturation stages.
Conclusion
To summarize the results described above, the chemical compositions of aroma components in larch foliage essential oil showed clear seasonal fluctuations of volatile compounds compared with those in pine and fir foliage essential oils. The chemical composition of larch foliage essential oil collected in November, when larch leaves in Hokkaido have started senescence and their color changes to yellow, was significantly different in quality. We speculated that the drastic metabolic change in the chemical compositions in larch leaves is due to common characteristics of leaves of the deciduous trees. Since larch is also a coniferous and deciduous, its high productivity and the drastic change of turpentine oil is maintained.
